Two experiments examined the effects of pictorial realism, observer interactivity, and delay of visual feedback on the sense of "presence." Subjects were presented pairs of virtual environments (a simulated driving task) that differed in one or more ways from each other. After subjects had completed the second member of each pair they reported which of the two had produced the greater amount of presence and indicated the size of this difference by means of a I -100 scale. As predicted, realism and interactivity increased presence while delay of visual feedback diminished it. According to subjects' verbal responses to a postexperiment Interview, pictorial realism was the least influential of the three variables examined. Further, although some subjects reported an increase In the sense of presence over the course of the experiment, most said that it had remained unchanged or become weaker.
Introduction I. I The Experience and Definition of Presence
Despite knowledge to the contrary, users of virtual environments (VEs) often report feeling as if they are actually in the computer-generated world to which they are being exposed. This subjective state is often referred to as "presence" or "being there," and some investigators (e.g., Steuer, 1992) consider it to be the characteristic of "virtual reality" that most clearly distinguishes it from other forms of multimedia.3 In our view, presence is essentially the same as "telepresence," the experience reported by teleoperator users of being in the same distant physical location as the devices they are controlling.
It is proposed here that maximal presence/telepresence occurs when the user
(1) feels immersed within the VE, (2) feels capable of moving about in it and manipulating its contents, and (3) has an intense interest in the interactive task (whether a work situation or a game). These, of course, are common doing, they may strongly suggest to them the effects that particular independent variables "ought" to have. For example, if subjects were informed that presence refers to the feeling of being surrounded by an unbroken visual world, it would come as no great surprise, and indeed would be tautological, to find that when these subjects view a VE through a 360°head-mounted display (HMD), they report more presence than when they view the same VE on a flat TV monitor.
Although there has been much discussion about the nature, genesis, and modification of presence (Barfield 8c Hendrix, 1995; Barfield & Weghorst, 1993; Barfield, Zeltzer, Sheridan, & Slater, 1995; Fontaine, 1992; Heeter, 1992; Held & Durlach, 1992; Loomis, 1992; Sheridan, 1992; Slater & Usoh, 1992;  Slater, Usoh, & Steed, 1994; Steuer, 1992; Zeltzer, 1992) Environmental factors that might affect presence are (1) the range of sensory experiences and/or modalities stimulated, (2) the amount of sensory resolution (e.g., pixel density), (3) the degree of similarity between the observer's body (e.g., the hand) and its visual representation, (4) the presence or absence of stereopsis, (5) black and white versus color presentation, (6) the presence or absence of perceptual constancy during movements of the body and/or sensory organs, and (7) the familiarity of the scene. It seems likely that the greater the number of sensory systems engaged, the more sensory information provided, and the more realistically the sensory environment is represented, the greater the presence experienced.
Potentially important social factors are (1) whether other (simulated) individuals are present in the VE and (2) the extent to which these others respond to or interact with the primary observer. Here one might predict that exposure to other virtual actors, especially ones that react to the existence and actions of the primary observer, will increase presence (e.g., Steuer, 1992 Slater, Usoh, & Steed, 1994) . Clearly, then, there is need for a systematic examination of these factors, and an assessment of their relative importance.
The Present Studies
In the present investigation, subjects were exposed to all possible pairings of a series of VEs involving an automobile driving task. For each pair they were to indicate which member produced the greater amount of presence. This is the "Method of Paired Comparisons" (e.g., Birnbaum, 1978; Conn, (Kruskal, 1965) to eliminate individual biases in rating. These scaled estimates (Table lb) were then used to compute the relative amount of presence in each display condi- 
